in an attempt to observe prec .ursory changes in radon levels. While several of the reported precursory radon anomalies have been recorded within a few tens of kilometers of the subsequent epicenter, there have been a number of reports of precursory radon anomalies at large distances from subsequent epicenters. For example, Teng [1980] tabulated data from the Kutzan station in China, where in a 4-year period, radon spikes of short duration were observed several days before eight earthquakes ranging in magnitude from 5.2 to 7.9. All of these earthquakes occurred on a Y-shaped fracture zone. The nearest event with a precursory anomaly was 54 km from the station, while the furthest occurred 345 km from the station. During the same period one radon spike was observed with no subsequent earthquake, and for one 6.5-M earthquake 420 km distant on have been discussed by Shapiro et al. [1980a] . A few apparently precursory changes in the radon level were observed before some local earthquakes. The largest Of these was a 5.0-M event which occurred on January 1, 1979, off the coast at Malibu about 54 km west of the monitor. For about 45 days prior to the earthquake a series of positive spikes were observed in the radon data [Shapiro et al., 1980a ]. The prototype monitor was replaced in April 1979 with a more advanced unit which incorporated dial-up telemetry. The new unit was coupled to the same borehole as the prototype, and within a few days after start-up the radon levels observed with the new monitor were essentially the same as those observed from the prototype shortly before the changeover.
Monitors of the new type began operation over static boreholes of similar depth at Dalton Canyon (34.102øN, 117.486øW) and Lytle Creek (34.140øN, 117.287øW) in April 1979 and March 1979, respectively. At all three sites the boreholes are cased through the overburden, and the monitor vaults are coupled directly to the casing to reduce atmospheric environmental effects. The Kresge and Dalton Canyon boreholes are both located in small, steep canyons where the rock which is penetrated is heavily fractured. At Kresge the rock is granite, while at Dalton Canyon it is granodiorite. At Lytle Creek the borehole is located on a terrace near an outcropping of weathered granite. The overburden is relatively thin at Kresge and Dalton Canyon (less than 5 m), while at Lytle Creek it is about 13 m deep at the borehole location. The monitors strip radon from the boreholes every 8 hours. The on-board microcomputer stores•in addition to radon and thoron data--a background count, instrument temperature and ambient temperature, and a number of engineering parameters. The background count serves as a sensitive check on instrument stability. The temperature data are used to correct radon data for instrument wall effects, as described by Melvin et al. [1978] . The temperature corrections are applied to 24-hour and 72-hour running averages of'.'the data; however, the difference between raw radon data and temperaturecorrected data is not significant when large-scale features of the data are examined.
RADON OBSERVATIONS
Complete sets of radon data (without temperature corrections) from the Kresge, Dalton Canyon, and Lytle Creek stations from the inception of monitoring at each site are shown in Figure 1 . The Kresge data set is considerably longer than the other two and provides a baseline against which the anomalous data recorded during the latter haft of 1979 can be compared. During the first 2 years of operation the data from Kresge exhibited a weak annual cycle that is believed to be the result of thermoelastic strains and hydrological effects [Shapiro et al., 1980a] . Heavy winter rainfall has been observed to cause increases of short duration in the radon levels at several of our monitoring sites [Shapiro et al., 1980b] The radon data sets from Dalton Canyon and Lytle Creek are not as extensive as the Kresge data set. As a result it is not possible to determine the 'baseline' levels for these sites with as much confidence. However, it appears that the data from the Lytle Creek site exhibit an annual cycle that is driven predominantly by hydrological factors, namely, the annual recharge and draining of the alluvial overburden on the terrace and in a nearby side canyon. The data from the Dalton Canyon site do not show as obvious an annual cycle as those recorded at Kresge and Lytle Creek.
The most striking feature of the data shown in Figure 1 is the large increase in the radon level at Kresge which began in late June of 1979 and persisted throughout the remainder of the year. The data obtained during this period from the Kresge, Dalton Canyon, and Lytle Creek stations is replotted with an expanded time scale in Figure 2 . Large radon spikes started to appear in the Kresge data beginning about June 21, 1979, and within 2 weeks the average levels of radon being measured at Kresge exceeded any that had been measured at this site during the previous 2 years. The character of the radon signal also was considerably different from that of the previous data. In addition to the general increase in the radon level, large and rapid fluctuations occurred, lasting from less than 1 day to a few days. Several checks were carried out to ensure that the monitor was operating properly. The background count (taken before each run) and the thoron levels were found to be within normal limits, and none of the engineering data were abnormal.
About 3 weeks after the data became anomalous at Kresge, large radon spikes also were observed in the data from the Dalton monitor. While baseline data from previous years did not exist at the Dalton site, the data trend at Dalton had been reasonably smooth from the start of monitoring through early July except for a short time in early June that immediately followed a period when the monitor vault had been opened for service. Therefore the radon spikes at Dalton were considered anomalous.
During the same period the data from the Lytle Creek monitor were free of the large fluctuations seen at Kresge and Dalton. However, 1« days before the Imperial Valley earthquake there was one run with substantially lower than normal radon. Inspection of the engineering data from that run indicated that the air pump of the monitor did not operate for its usual full 8-min cycle. This behavior has been observed occasionally as a symptom of incipient battery failure. In the case of battery failure this condition becomes progressively worse. However, in this instance, normal pump operation took place for several runs before and after the one with low radon. A routine maintenance check 6 weeks after the low run revealed that the electromechanical system battery, which is operated in a float charged configuration, was operating with a dead cell. In this condition the battery still had sufficient capacity to operate the mointor air pump for a full 8 min. We now speculate that the increased back pressure on the air pump from a temporary increase in water level could have accounted for a short air pump cycle and thus one run with low radon count. Our experience with the field monitors has indicated that an 8-min air pump cycle is more than sufficient to fully strip radon from the borehole. Thus the low radon reading probably did not result from incomplete stripping. The thoron count While the existing data appear to be insufficient to validate either model, it does appear that they have delineated a strain event that developed quite rapidly in time. The observation of a number of such events in the future should provide the data necessary to refine models of crustal behavior for southern 
